Introduction
, in part because they have powerful 116 antioxidant functions. The selenoenzymes have a Sec group at their active sites, which 117 enables the formation of disulphide bonds (Burk and Levander, 2006) ; these function as a 118 redox centre, participating in transfer of electrons between molecules (Flohe et al., 2000) . 119
Of the identified selenoproteins, three are iodothyronine deiodinases, which catalyse the 120 removal of iodine from the 5 or 5' positions of iodothyronine substrates. This regulates 121 the activation and inactivation of thyroid hormones in all tissues (Beckett and Arthur, 122 2005) . A further three are the thioredoxin reductase family (TrxR1, TrxR2 and TrxR3). 123
Their substrates, thioredoxin and thioredoxin peroxidase do not contain selenium. These 124 constitute a powerful dithiol-disulphide system that regulates the cellular redox state (Hill 125 et al. 1999, Knapen et al., 1999) . As antioxidants, the GPxs help maintain membrane integrity, 137 protect prostacylin production, and limit the propagation of oxidative damage to lipids, 138 lipoproteins, and DNA (Brigelius- Flohe et al., 2003) . This pathway may also offer 139 protection against development of several chronic diseases in which oxidative damage 140 has been implicated, including atherosclerosis and certain cancers (Rayman, 2002 , 141 Combs, 2001 , Brigelius-Flohe, 2008 ). However, the claims that selenium supplements 142 contribute to the prevention of chronic disease currently lack substantial evidence based 143 proof of efficacy. Indeed some of the larger trials have been negative, for example the 144 recent randomised, placebo-controlled cancer chemoprevention trial (selenium and 145 vitamin E cancer prevention trial; SELECT) demonstrated no benefit of supplements of 146 selenium (200 μ/day) and vitamin E (400 IU/day) in prevention of prostate cancer in a 147 total of 35,533 men (Lippman et al., 2009) . 148
149

Dietary selenium 150
Plant foods are the major dietary sources of selenium in most countries (Rayman, 2000 , 151 Combs, 2001 ). Surveys suggest that wheat is the most efficient selenium accumulator of 152 the common cereals, and is one of the most important selenium sources for man (Lyons et 153 al., 2003 , Reilly, 2006 . The content in food depends on the selenium content of the soil 154 where plants are grown or animals are raised. For example, the selenium content in the 155 soil of the high plains of northern Nebraska and the Dakotas is very high, and the 156 inhabitants have the highest selenium intakes in the US (Longnecker et al., 1991) .
Other foods make a substantial contribution to selenium intake in northern Europe, 161 particularly meat, poultry, and fish (a total of about 36% in the UK) ( contour, the use of high-sulphur fertilisers and microbial activity; some bacteria can 169 convert insoluble forms of selenium to soluble forms, which can then be taken up by 170 plants (Diplock, 1993 , Lyons et al., 2003 . Selenium tends to be more concentrated in the 171 soils of the drier regions of the world, where soil tends to be more alkaline; in acidic 172 poorly aerated soils, selenium is relatively unavailable to plants as it is present mainly as 173 insoluble selenite complexes (Lyons et al., 2003 , Reilly, 2006 . 174
175
In addition, in wetter regions, rain leaches selenium from the soil (Reilly, 2006) . 176
Selenium forms both inorganic and organic compounds and can be an oxidant as well as a 177 reductant, an important factor in soil formation (Van Dorst and Peterson, 1984) . 178
Selenium's chemical adaptability accounts for its widespread occurrence in soils, plants, 179 animals and humans (Bauer, 1997) . Soil selenium concentrations range from 0.1 to more 180 than 100 mg/Kg. However, most soils contain between 1.0 to 1.5 mg/Kg (0.1-0.6 mg/Kg 181 is considered deficient) (Lyons et al., 2003 , Combs, 2001 . 182
183
Selenium deficiency 184
The optimal range of selenium intake to ensure biological benefit appears to be narrow 185 and has still not been determined with certainty; however selenium deficiency has been 186 studied in animals and humans ( Van Vleet, 1980 immunodeficiency virus (HIV) infection and hepatitis C virus, although the mechanism 211 which affords protection by selenium is not known (Rayman, 2000) . 212
213
Dietary selenium intake in most parts of Europe is considerably lower than in the USA, 214 mainly due to the European soils providing a poorer source of selenium (Thomson, 2004 , 215 Rayman, 2008 . The reduction in consumption of wheat imported from the US in the 216
European Union from the 1980s, as a result of the European Common Agricultural 217 Policy, has been associated with a fall in daily selenium intake in the UK and other 218
Western European countries over the last 20 years (Jackson et al., 2004) . 219 220 Assessments of requirements, adequacy and intakes of selenium have been reviewed 221 previously in detail (Rayman, 2008 , Thomson, 2004 intake believed necessary to maximise the activity of the antioxidant GPx in plasma, 232 whereas the NR is based on selenium intake needed to achieve two-thirds of maximum 233 activity of erythrocyte GPx (Thomson, 2004) . 234 235 Selenium intake appears on average to be at or above the RDA in the US or Canada. A 236 study in Maryland in 1981 reported that adults consumed an average of 81 µg/day of 237 selenium (Welsh et al., 1981) and recently this has been estimated to be 108 µg/day for 238 all US adults and 89 µg/day for women (Chun et sufficiently low to warrant government intervention (Rayman, 2000) , a UK government 247 expert committee concluded in 1998 that intervention was, at that time, not warranted 248 (Department of Health, 1998) . Whether, this conclusion pertains to the dietary intake in 249 2010 is uncertain and is worthy of investigation. 250
Selenium toxicity 251
Whilst selenium deficiency is prevalent and therefore the more predominant health issue, 252 there is also a moderate to high health risk of selenium toxicity, first discovered in 253 animals grazing in areas with high selenium content in the soil (Twomey et al., 1977) . 254
Chronic toxicity of selenium in humans results in selenosis, a condition characterised by 255 brittleness or loss of hair and nail loss, gastrointestinal problems, rashes, garlic breath 256 odour, and nervous system abnormalities (Yang et al., 1983) . In China, it has been 257 reported that selenosis occurs with increased frequency in people who consumed 258 selenium at levels above 850 g/ day (Yang and Zhou, 1994) . The Institute of Medicine, 259
USA, has set a tolerable upper intake level for selenium at 400 g/day for adults to 260 
Selenium in Reproductive Health 266
The role that selenium plays in both male and female reproduction is well recognised in 267 animal husbandry (Reilly, 2006) . Selenium is essential for male fertility, being required 268 for testosterone biosynthesis and the formation and normal development of spermatozoa 269 (Behne et al., 1996 , Flohe, 2007 . Studies using selenoprotein P-knockout mice support a 270 requirement for selenium in testicular function fertility comes from a small study of women with a history of unexplained infertility. In 6 312 of the 12 women investigated the red-cell magnesium content failed to normalises after 4 313 months of magnesium supplementation and was associated with a lower red-cell GPx 314 activity than that observed in the remaining 6 women whose red-cell magnesium regained 315 normality (Howard et al., 1994) . Subsequent supplementation with magnesium and 316 selenium for 2 months achieved red-cell magnesium normalisation and increased red-cell 317
GPx activity and the women later (within 8 months) conceived with a healthy pregnancy 318 outcome (Howard et al., 1994) . The authors theorised that failure to maintain cellular 319 magnesium homeostasis result from ROS induced cell permeability secondary to poor 320 selenium status (Howard et al., 1994) . an anion exchange pathway, (Shennan, 1987 , Shennan, 1988 . 52 women with known risk factors for PIH were randomised to selenium (100 μg/day) 471 for 6-8 weeks during late pregnancy, and 48 were randomised to placebo (Han and Zhou, 472 1994 ). The selenium supplemented group had a reduced incidence of development of PIH 473 (7.7%; 4/52) compared to the placebo group (22.7%; 11/48), and significantly increased 474 maternal and cord blood selenium concentrations. Another very small prospective 475 double-blind, placebo-controlled RCT study in Indonesia, reported lower rates of pre-476 eclampsia and/or PIH in women who were at increased risk of developing these 477 conditions, after supplementation (n = 29) with a range of antioxidants and cofactors 478 including selenium (100 μg) (Rumiris et al., 2006) . Neither study adequately addressed 479 the role of supplementation on the incidence of pre-eclampsia. Recently however, Tara this yeast has, in the majority of reported studies been shown to increase the activity of 496 the selenoenzymes (Rayman, 2004) . If successful, a larger multicentre RCT adequately 497 powered to detect differences in rates of pre-eclampsia will be needed to assess potential 498 clinical benefit. 499 500 501
Preterm labour 502
Preterm labour (labour < 37 weeks' gestation) is a major cause of perinatal morbidity and 503 mortality occurring in 6-7% pregnancies in the developed world and up to 25% in 504 undeveloped countries (Steer, 2005) and is likely to be of complex origin. Amongst the 505 few studies to have investigated selenium and preterm labour, Dobrzynski et al from 506
Poland reported lower maternal selenium concentrations and reduced maternal and cord 507 plasma GPx activities in 46 women who delivered preterm compared to 42 women 508 delivering at term (Dobrzynski et al., 1998) . The low selenium concentrations and GPx 509 activities in the blood of the preterm infants were proposed to contribute to respiratory 510 distress syndrome, retinopathy of prematurity, increased haemolysis or other prematurity 511 related conditions (Dobrzynski et al., 1998) . A study from Germany of formula-fed 512 preterm infants (gestational age < 32 weeks, birthweight < 1500 g) observed significantly 513 lower mean plasma selenium concentrations compared to healthy term infants who were 514 also formula-fed (Sievers et al., 2001 ). Another recent report from Iran of 30 preterm 515 (gestational age <34 weeks) and 30 term infants (gestation age >37 weeks) also revealed 516 significantly lower serum selenium concentrations in the preterm infants compared to 517 term controls (Iranpour et al., 2009) . A study from the USA of 13 preterm and 15 term 518 infants found no differences in maternal plasma selenium concentrations, but also 519 reported that preterm infants had lower selenium concentrations compared to term infants 520 (Mask and Lane, 1993) . As might be anticipated, the daily dietary selenium intake was 2-521 3 times higher (96-134 μg) than in the subjects reported in the Polish population 522 (Dobrzynski et al., 1998) . Evidently, population selenium intake may explain some 523 variation between studies. There are wide differences in selenium intake across diverse populations, depending on 618 the selenium content of the soil, and hence the selenium content in staple foodstuffs, as 619 well as on variations in individuals' diets. Both deficiency and excess are damaging to 620 health. In turn, varying intakes are associated with differences in selenoprotein and 621 selenoenzyme expression in different tissues. This must be taken into account when 622 comparing data from different countries or populations. Evidently, the balance between 623 intake, tissue concentration and selenoenzyme synthesis is a very delicate one. This 624 review illustrates the potential influence that selenium status has on many disorders 625 relating to both animal and human reproduction and pregnancy. While persuasive 626 evidence already exists to suggest that additional selenium would be beneficial in some of 627 these disorders, results from intervention trials underway or planned have the potential to 628 reinforce or refute the argument for increasing selenium intake. Superoxide can be generated by specialized enzymes, such as the xanthine or NADPH 1120 oxidases, or as a byproduct of cellular metabolism, particularly the mitochondrial electron 1121 transport chain. Superoxide dismutase (SOD) then converts the superoxide to hydrogen 1122 peroxide (H2O2) which has to be rapidly removed from the system. This is generally 1123 achieved by catalase or peroxidases, such as the selenium dependent glutathione 1124 peroxidases (GPxs) which use reduced glutathione (GSH) as the electron donor.
